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   Ionic liquids, which are generally cold salts having a melting point below 100˚C, are utilized as 
electrolytes and lubricants because of their excellent characteristics. Recently, ionic liquids have attracted 
attention as reaction media for the synthesis of nanometer-scale inorganic and inorganic-organic composite 
materials. The present thesis studies two kinds of engineered approaches to development of novel nanoscale 
inorganic materials using ionic liquids on the basis of their characteristics. 
Chapter 1 shows the background, purpose, and outline of the present thesis. Basic information and previous 
studies about ionic liquids, fabrication of metal oxide nanoparticles, and application of clay minerals are 
reviewed.   
Chapter 2 describes the high-speed synthesis of metal oxide nanoparticles using ionic liquid and 
microwave heating. Metal oxide nanoparticles have been extensively studied as functional materials because 
of their size-derived various specific properties. In the present study, titanium dioxide nanoparticles are 
focused as a typical semiconducting material that is used in various application fields, such as photocatalysits 
and transparent conducting films. Highly crystalline nanoparticles smaller than 5 nm are required to enhance 
their properties. However, rapid synthesis of titanium dioxide nanoparticles with a high controllability has not 
been achieved under ambient and soft conditions. Here, the microwave heating system combined with 
reaction media containing imidazolium-based ionic liquids was investigated to synthesize of nanometer-sized 
titanium dioxide and niobium-doped titanium dioxide. Size-controlled metal oxide nanoparticles smaller than 
5 nm were successfully produced by utilizing the high microwave sensitivity of the imidazolium-based ionic 
liquids. 
Chapter 3 describes exfoliation of clay minerals using ionic liquids and fabrication of composites of 
heat-resistant resin and clay monolayer sheets. Ionic liquids have been used for modification of clay minerals 
and fabrication of clay-resin composites due to their ionic nature and their properties as organic molecules. 
Silicate sheets ~1 nm thick that are produced by exfoliation of clay minerals are used to improve the 
mechanical properties and water-vapor barrier properties of various resins with maintaining their transparency 
and optical properties. However, the exfoliation phenomena of clay minerals by ionic liquids have not been 
understood sufficiently. Recently, excellent mechanical properties and high heat-resistance have been 
required of the clay-resin composite materials. Therefore, the present study clarified the modification process 
of montmorillonite as a typical clay mineral using various kinds of imidazolium-based ionic liquids. Here, the 
dispersibility of the clay mineral in an organic solvent was investigated with modification by ionic liquids. 
The affinity between the organic cation inserted to the interlayer spaces of the clay mineral and the dispersion 
medium was found to be important for peeling of montmorillonite monolayers. Moreover, high affinity of the 
ionic liquid, solvent, and resin is required to fabricate the composites consisting of a high heat-resistant resin 
and clay monolayer sheets.  
Chapter 4 summarizes new findings on development of novel nanoscale inorganic materials using ionic 
liquids on the basis of the engineered approaches in the present study. In addition, future problems and 
prospects concerning the synthesis of inorganic materials using ionic liquids are described. 
 
 
